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(57) Abstract: Minimum pressure valve having a housing (13) with an inlet (14) and an outlet (15) and in which has been provid-
ed a valve body (21) whichi is pushed against a seating (30) round the inlet (14) in a closed position, and whereby the valve body
(21) 1s situated at a distance from the above- mentioned seating (30) in an open position, such that the inlet (14) is connected to
the outlet (15), whereby the valve body (21) is provided in a sliding manner in a valve casing (17) confining, together with the
valve body (21) an inner space (36) that is cannected to the inlet (14) via a duct (35). -
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Minlimum pressure valve.

The present invention concerns a nminimum pressure valve,

in particular to use at the outlet of a liquid separator

R

of a compressor unit.
A minimum pressure valve which can be applied to the
outlet of a liguid separator 1is already known, whereby

this minimum pressure valve 1is provided with a housing

with an inlet and an outlet which are connected wvia an

inner duct svystem and whereby, in the above-mentioned duct

system, a movable valve body is provided which 1s pressed

against a seating round the aforesaid inlet in a first,

closed position by means of a spring and thereby closes

)

off the inlet:; and whereby the valve body is situated at a
distance from the above-mentioned seating in a second,
open position, such that the inlet, via the duct system,

1s connected to the outlet.

The presence of the above-mentioned spring makes sure that

the minimum pressure valve only opens when a certain

minimum pressure has been reached at the inlet of this

minimum pressure valve, which inlet may be connected for

example to the outlet of a liquid separator.

The reason therefore is that the gas speeds through the

liquid separator must be restricted in order to avoid
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R

damage to the filter paper and loss of the separation

p—
—

efficiency.

By realizing the above-mentioned spring in the shape of a

spring having a specific spring constant and thanks to an

appropriate installation of the spring, the opening

pressure of the minimum pressure valve can be selected as

a function of the application.

Via the inlet, a force is exerted on the valve body by the

gas pressure at the inlet, whereas a spring force 1s
exerted in the opposite sense on the other side of the

valve body by the above-mentioned spring, which spring

force makes sure that the minimum pressure valve remalns

closed until the vessel pressure has reached a certain

value.

A disadvantage of the existing minimum pressure valves 18

that the spring must be dimensioned such that 1t 1s

—

capable of compensating the entire pressure force of the

gas at the gas inlet.

Since these pressure values may be relatively large, for

example between 4 and 9 bar (+ 4.10° to 9.10° Pa) for an

oil-injected compressor and even up to 20 bar (+ 20.10° Pa)

for water-injected compressors, acting on relatively large

surfaces, strong springs must be selected.
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Moreover, the overall height of the spring must Dbe

restricted so as to limit the total height of the minimum

pressure valve, and to restrict the material costs and

welght.

One must also take into account that the opening range of
the minilmum pressure valve 1s small and that,
consequently, little extra gas pressure 1s required to

push the valve body entirely open, since the pressure drop

over the minimum pressure valve is preferably as small as

possible for the entire service range of the compressor

(i.e. from minimum operating pressure to maximum operating

pressure). In other words, the valve body must reach the
entirely open position as fast as possible as soon as the
minimum pressure valve begins to open, in order to cause a

pressure drop that is as small as possible over the entire

pressure range of the compressor.

However, the two above-described conditions are

contradictory, since a small overall height for a large

required spring force automatically 1leads to a spring
having a large spring constant, which always results in a

large difference in spring force between the initial

opening and the full opening, such that the minimum
pressure valve will only be entirely open at a pressure
which is considerably higher than the pressure whereby the
valve only Jjust begins to open, such that the pressure
drop over the valve 1s large in the lower part of the

service range.



10

15

20

25

CA 02697676 2013-09-05

In order to further reduce the pressure drop over the

minlimum pressure valve, the aim 1s to further enlarge the

valve opening and to make the valve 1li1ft even higher.

A larger valve opening (1.e. larger diameter of the wvalve

body) results 1n a consiliderable increase of the required

spring force (and consequently a more serious 1nstallation

problem due to the larger spring constant, and also

problems related to a high requlired pressure for an

entirely open minimum pressure valve), whereas a larger

l1ft of the valve body moreover results 1n an even larger

pressure range over which the valve body moves.

The present 1nvention aims to provide a solution to one or

ph—

several of the above-mentioned and/or other disadvantages.

To thils end, the present 1invention concerns a minimum
pressure valve which 1s provided with a housing with an
inlet and an outlet which are connected via an inner duct
system and whereby a movable valve body 1s provided 1in

sald duct system which 1s pressed against a seating around

said 1nlet 1n a first, closed position by means of a

-

spring and therepy closes off the inlet; and whereby the

valve body 1s situated at a distance from said seating in
a second, open position, such that the 1inlet, via the
inner duct systemn, 1S connected to the outlet,

characterised 1n that the wvalve body 1s provided 1in a
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sliding manner 1in a valve casing which 1is fixed 1n said

inner duct system and which, together with the wvalve body,

defines a confined, inner space which 1s connected to the

inlet via a duct,

-

said valve casing 1s made in the shape of a cylinder

housing defining a cylinder chamber, whereby said cylinder

ﬁ

housing 1is closed on one far end by means of an end wall

and 1s open on the other far end, and 1n which the valve

body has been provided in a sliding manner, vlia the open

end, with a part in the shape of a piston,

p—

said piston 1s made in the shape of a cylindrical bush 1in

which said spring extends at least partly and 1in that said

bush is sealed on one side by means of a lower wall,

said lower wall being provided with a central opening

around which extends a cylindrical fixing wall 1n which a

valve stem has been provided in a partly fixed or movable

manner,

said wvalve body comprises a sealing element which 1s

pressed against the seating in the closed position of the

valve body,

wherein said duct extends through said lower wall of the

bush, said valve stem and said sealing element.

The duct may extend for example through the valve body or

ph—

may have the shape of an external connection.

An advantage of such a minimum pressure valve according to

a

the invention consists in that, thanks to the presence or

the above-mentioned duct which provides for a connection
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between the confined space 1nside the valve body and the

inlet, the pressure prevailing at the inlet of the minimum

pressure valve can enter the space which 1s defined by the

valve casing and the valve body, as a result of which the

gas force which acts on the valve body vilia the inlet will

be largely compensated by a gas force acting on the other

ﬁ

side of the valve body 1n the opposite sense.

Consequently, a spring having a conslderably smaller

spring constant can be selected than 1s the case with

P

conventional minlmum pressure valves, as a result of which

’ o
=

the pressure di:

ference Dbetween the 1nitial opening

ﬁ

position of the wvalve body and the fully opened position

1s very small, even 1f a large opening pressure 1S

required.

This also implies that the 1lift of the wvalve body can be

selected sufficiently high, without thereby making the
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pressure range over which the valve body moves excessively

large.

The foregoing results in that a very small overall height

5 of the spring can be provided, such that the minimum

pressure valve can be made compact.

Moreover, in this manner is obtained that a cheaper spring

can be used than with conventional minimum pressure

g .
10 valves, since only a small spring force must be provided

for.

Another advantage of a minimum pressure valve according to

the invention is that, as a spring with a small spring

15 constant can be used, there is only a restricted pressure

range between the initially open position and the fully

opened position of the minimum pressure valve.

Another advantage is that the 1lift of the valve body can

20 be enlarged without having to make the pressure range oOver

which the valve body moves too large, since a spring with

a small spring constant can be used.

Another advantage 1s that the valve opening can be
25 enlarged without having to | drastically alter the spring,

namely by proportionally enlarging the confined inner

space.
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Preferably, the above-mentioned valve casing 1is made 1n

the shape of a cylinder housing deflning a cylinder

chamber, whereby said cylinder housing 1s closed on one

far end by means of an end wall, and the other far end 1is

open, and in which the wvalve body, wvia the open far end,

is provided in a sliding manner with a part in the shape
of a piston. The above-mentioned piston is preferably
made in the shape of a practically cylindrical bush in

which the above-mentioned spring extends at least partly

and whereby this bush i1s sealed on one side by means of a

bottom wall through which the aforesaid duct extends.

This duct can also be provided externally, however.

In this way is obtained a simple construction which can be

made compact.

According to another preferred characteristic of the

invention, the c¢ylinder chamber in the above-mentioned

cylinder housing has a reduced diameter near 1ts closed

far end, over a certain lenagth, whereas i1t has a larger

diameter near the open far end of said cylinder housing.

Moreover, the above-mentioned bush preferably also has a

stepped outer surface over its length, as a first bush

part has an outer diameter which practically corresponds
to the reduced diameter of the cylinder chamber, and a

second bush part has an outer diameter which practically

corresponds to the larger diameter of the c¢ylinder

chamber.
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~r between the part with the

ey

reduced diameter and the part with the Ilarger diameter

preferably has a radial collar, and on the outer perimeter

p—
—

of the bush i1s preferably

between the first and the

also provided a radial collar

second bush part, such that a

space is formed which is confined by the part of the valve

casing having the larger diameter and the part of the

piston having the reduced diameter as well as the

respective collars of the bush and the wall, whereby this

space 1s under atmospheric pressure. Consequently, the

radial collar of the bush is the only part of the surface

i
P

e

O

-he valve opposite the inlet side (i.e. the side where

the spring acts on) where the pressure prevaliling on the

inlet side is not compensated.

This offers the advantage

p—

enlarge the diameter of the wvalve body so as tO restrict

the pressure drop over the

having to make the spring

that it becomes possible to

minimum pressure valve without

excessively strong, since the

surface on which the atmospheric pressure acts (i.e. the

collar of the bush between the larger and the reduced

diameter) can be kept practically constant and small.

Another advantage thereof is that a minimum pressure valve

having a very large opening pressure of for example 20 bar

(+ 20.10° Pa) can be realised by means of a light spring

having a restricted pressure range during the lift of the

valve body by making the surface on which the atmospheric

pressure acts sufficiently small.
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In order to better explain the characteristics of the

N

present invention, the following preferred characteristics

of a minimum pressure valve according to the invention are

described by way of example only, without being limitative

in any way, with reference to the accompanylng drawings,

in which:

figure 1 schematically represents a liquid separator
which 1is provided with a minimum pressure valve

according to the invention, seen in perspective;

figure 2 shows a section according to line II- in

figure 1;

figure 3 shows the part indicated by F3 in figure 2

to a larger scale.

The figures show a liquid separator 1 which 1is provided
with a centrifugal separator 2 formed of a cylindrical

housing 3 with an upper wall 4 and a lower wall 5 and with

a tangential inlet 6 and an axial outlet 7, which housing

3 defines an inner space 8.

The above-mentioned outlet 7 1is preferably provided
centrally in the upper wall of the housing 3 and 1t 1s
closed by means of a minimum pressure valve 9 according to

the invention which forms a connection between the space 8

and a take-off point for purified gas.
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The centrifugal separator 2 in this case also comprises a

discharge orifice 10 for separated liquid, which discharge

orifice 10 is preferably situated at the bottom of the

centrifugal separator 2 in the mounted position of the

latter, in or near the above-mentioned lower wall 5.

In the above-mentioned space 8 of the centrifugal

separator 2 is in this case further provided a flow-

through element 11, for example in the form of a

coalescence filter or another type of fine filter, or 1n

other words a filter which makes it possible to remove

remaining drops of liquid from the gas flow.

In this case, the above-mentioned flow-through element 11

is made cylindrical with walls that are permeable to gas,

and said flow-through element 11 is sealed on one side,
i.e. the bottom side in the arrangement as represented, Dby

means of a sealing wall 12.

The top side of the above-mentioned flow-through element

11 is fixed to the upper wall 4, and it is positioned such

r_ W

that this flow-through element 11 extends entirely round

the above-mentioned outlet 7.

The minimum pressure valve 9 consists of a housing 13
which, in this case but not necessarily, also forms the
upper wall 4 of the centrifugal separator 2 and which
housing 13 ig provided with an inlet 14 and an outlet 15

which are connected via an inner duct system 16.

10
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Inside the duct system 16 is provided a fixed valve casing

17 which igs preferably made in the form of a cylinder

housing 18 which is sealed on one side by means of an end

wall 19 and which is open on the other side, and whereby

this cvlinder housing 18 defines a cylinder chamber 20 1in

which has been provided a valve body 21 in a sliding

manner, via the open end, by means of a part in the shape

g—

of a piston 22.

The above-mentioned piston 22 is preferably made in the

g

shape of a practically cylindrical bush 23 which is sealed

on one side, in the given position on the lower side oOr,

in other words, the side opposite the inlet 14, Dby means

of a lower wall 24.

According to a preferred characteristic of the invention,

the cylinder chamber 20 in the above-mentioned cvlinder

housing 18 has a first reduced diameter D1 at 1its far end

which is sealed by the end wall 19, whereas 1t has a

'l

second, larger diameter D2 near the open end of said

cylinder housing 18 which is larger than the above-

mentioned first, reduced diameter D1.

Also the above-mentioned bush 23 preferably has a stepped
outer surface over its length as it comprises a first bush

part 23A with an outer diameter which practically

corresponds to the reduced diameter D1 of the cvlinder

chamber 20, and a second bush part 23B with an outer

11
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diameter which practically corresponds to the larger

diameter D2 of the cvylinder chamber 20.

The above-mentioned first bush part 23A extends at least

partly in the part of the cylinder chamber 20 with the

reduced diameter D1, in the mounted position of the

minimum pressure valve 9, whereas the second bush part 23B

is provided in the part of the cylinder chamber 20 with

the larger diameter D2.

&

The wall of the cylinder chamber 20 has a radial collar 25

between the part with the first diameter D1 and the part

with the second diameter D2, whereas a radial collar 26 1is

also provided on the outer perimeter of the bush 23

between the first and the second bush part 23A, 23B

respectively.

Between the collar 26 of the bush 23, the collar 25 of the
wall of the cylinder chamber 20, the part of the cylinder

-

housing 18 having the larger diameter D2 and the first

bush part 2327, igs formed a confined space 27 which 1s put

under atmospheric pressure, for example by connecting this

space 27 to the atmosphere via a small duct, not

represented in the figures.

Between the inner wall of the cylinder chamber 20 and the

outer wall of the bush 23 are preferably provided one Or

several sealings, which are not represented 1in the

drawlings.

12
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In the above-mentioned bush 23 extends a spring 28 which

pushes with one far end against the end wall 19 of the
valve casing 17, and with its other end against the lower

wall 24 of the bush 23 of the valve body 21.

On the other side of the lower wall 24, in other words the

side directed to the inlet 14 of the mlinimum pressure

valve 9, 1is preferably provided a sealing element 29

-

-he influence of the spring 28, 1s pushed

which, under

against a seating 30 round the above-mentioned inlet 14 1in

a first, closed posgition and hereby seals the inlet 14,

but which, in a second, open position of the minimum

pressure valve 9, 1is situated at a distance from said

seating 30, such that the inlet 14, via the duct system

16, i1is connected to the outlet 15.

The sealing element 29 is in this case connected to the
bush 23 by means of a valve stem 31 around which said
sealing element 29 extends. This wvalve stem 31 can be

fixed to the above-mentioned bush 23, for example by means

of a press fit or the like, or it can be erected in a

movable manner in the same axial direction as the piston

22, for example by means of a loose fit, in the above-
mentioned bush 23 to thus function as a non-return valve.
In this case, the compressed air network of the consumer

which is connected to the vessel via the outlet 15, the

duct system 16 and the inlet 14, can be kept under

pressure, whereas the vessel pressure 1s blown off and

13
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lowered so as to switch the compressor into idle running

or to even switch i1t off entirely.

To this end, the lower wall 24 is in this case provided

with a central opening around which extends a cylindrical

fixing wall 32 in which the wvalve stem 31 has been

provided in a partly fixed or movable manner. If the valve

stem 31 has been erected inside the cylindrical fixing

wall 32 in a movable manner, a sealing will preferably be

provided between both elements, which is not represented

in the figure.

In order to axially lock the sealing element 29 1in

sm 31, the wvalve stem 31 1s

relation to the wvalve st

provided with a stop-forming collar 33 against which the
sealing element 29 is pressed by means of fixing means
provided to that end which in this case comprise a nut 34

which is screwed round the free end of the valve stem 31.

The above-mentioned nut 34 preferably has 'an aerodynamic

shape, in other words a shape which hinders the flow from

the centrifugal separator 2 into the duct system 16 as

little as possible.

According to the specific characteristic of the invention,

a duct 35 extends through the valve body 21 which connects

the inlet 14 to a confined, inner space 36 which 1s

defined by the valve body 21 and the wvalve casing 1l7. To

this end, the duct 35 in this case extends through the

14
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valve stem 31, the sealing element 29 and the Dbush 23 .
This connection between the inlet 14 and the 1inner space

36 can also be provided externally, however.

According to a preferred characteristic of the invention,

the inlet 14 of the minimum pressure valve 9 has a surface

which is slightly larger than the total axially directed

surface of the valve body 21 on the side of the valve body

21 turned towards the end wall 19, which is possible 1n

p—
p—

this case as the diameter of the inlet 14 is larger than

the above-mentioned first, reduced diameter D1 of the

cylinder chamber 20.

In other words, the total, axially directed surface of the

lower wall 24 is smaller than the flow-through surface ot

the inlet 14, whereby by flow-through surface is meant the

surface in a plane which is directed crosswise to the

direction of movement of the valve body 21.

The working of the ligquid separator 1 with the minimum

pressure valve 9 according to the invention is very simple

and as follows.

A mixture of compressed gas and liquid, such as a mixture

gy

of compressed air and drops of liquid coming from a

liquid-injected compressor element, enters 1into the space

8 wvia the inlet 6.

15
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Thanks to the tangential insertion of the inlet 6 in the

cylindrical housing 3, the incoming mixture of gas and

liquid is subjected to a whirling motion.

This induces a centrifugal separation, as the relatively

heavy 1liquid particles are swung against the cylindrical

wall of the centrifugal separator 2 under the influence of

centrifugal forces.

Under the influence of the gravitational £force, the

separated liquid drips via the cylindrical wall to the

lower side of the centrifugal separator 2, where said

liguid is discharged via the discharge orifice 10.

After its passage through the flow-through element 11, the

purified gas flows through the minimum pressure valve 9 to

be taken off by a user.

Thanks to the presence of the duct 35 through the wvalve

body 21, the pressure which is built up in the centrifugal

separator 2 and thus at the inlet 14, is also built up 1in
the space 36 between the wvalve body 21 and the wvalve

casing 17, such that the gas forces acting as of the space

8 on the sealing element 29 are largely compensated Dby

opposite gas forces acting as of the space 36 on the bush

23, and in particular on its lower wall 24.

16
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Moreover, the spring 28 makes sure that, in the given

pree

position of the minimum pressure valve 9, an additional

downward force is exerted on the valve body 21.

Only the outer stage of the valve body 21, i.e. the space

27, is connected to the atmospheric pressure, such that a

difference in compressive force 1s obtained at the top

side of the wvalve body 21 (downstream) and at the bottom

side of the wvalve body 21 (upstream).

Moreover, in the given example, the surface of the sealing

element 29 which is turned towards the inlet 14 1is larger

than the total axially directed surface of the first bush

el

part 23A situated opposite the end wall 19 of the valve

casing 17.

Since a gas force which acts on a surface 1s proportional

to the gas pressure and to the size of the surtace

concerned, and since

1)

of the wvalve body 21,

be smaller than the

the pressure is equal on either side

the downward directed gas force will

upward directed gas force, and the

resultant of the operating pressures will be directed

upward.

As soon as the pressure in the space 8 has reached a

predetermined value,

off the seating 30,

the sealing element 29 will be pushed

as the upward gas forces acting on

said sealing element 29 become larger than the sum of the

downward directed gas forces and the spring force.

17
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Thanks to the presence of the duct 35, the opening

pressure of the minimum pressure valve 9 may have a high

pressure value of for example 4 to 9 bar (& 4.10° to 9.10°

s Ppa) or even up to 20 bar (+ 20.10° Pa) in the case of

water-injected compressors, without any expensive Sprilig

with a large spring constant having to be provided.

The foregoing also implies that the opening range of the

10 pressure is considerably smaller than with the existing

minimum pressure valves 9 which do not have any

compensation of forces in the form of a counterpressure

acting on the valve body 21 as of the cylinder chamber 20.

15 The  terms “upper wall”, lower wall”, “upward” and
vdJownward” are always used here with reference to the

accompanying figures 1 to 3, but 1t goes without saying

that the liguid separator 1 must not necessarily be
erected entirely vertically, as is shown 1in the fiﬂgures,

20 but that it can also be used in other positions.

the figures; on the contrary, a minimum pressure valve
25  according to the invention can be made in all sorts of
shapes and dimensions while still remaining within the

scope of the invention.

18
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Claims.

1.- Minimum pressure valve which 1s provided with a
housing (13) with an inlet (14) and an outlet (15) which
are connected via an inner duct system (16) and whereby a
movable valve body (21) 1is provided 1in said duct system
(16) which 1is pressed against a seating (30) around said

p—
.

inlet (14) 1in a first, closed position by means oI a

spring (28) and thereby closes off the 1inlet (14); and

whereby the valve body (21) is situated at a distance from
said seating (30) in a second, open position, such that
the 1inlet (14), wvia the inner duct system (16), 18
connected to the outlet (15), characterised 1n that the

valve body (21) is provided in a sliding manner 1in a valve

casing (17) which is fixed in said inner duct system (16)

and which, together with the wvalve body (21), defines a

confined, inner space (36) which is connected to the 1inlet

(14) via a duct (39),

said valve casing (17) is made 1in the shape of a cylinder

housing (18) defining a cylinder chamber (20), whereby

said cylinder housing (18) 1is closed on one far end Dy

pr— =

means of an end wall (19) and is open on the other far

end, and in which the valve body (21) has been provided 1in

a sliding manner, via the open end, with a part 1in the

g

shape of a piston (22),

-

said piston (22) 1is made 1in the shape of a cylindrical

bush (23) in which said spring (28) extends at least
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partly and 1n that saild bush (23) 1s sealed on one side by

P

means of a lower wall (24),

sald lower wall (Z24) being provided wilith a central opening

around which extends a c¢ylindrical fixing wall (32) 1n

which a wvalve stem (31) has been provided 1n a partly

fixed or movable manner,
sald valve body (21) comprises a sealling element (29)

which 1s pressed agalnst the seating (30) 1n the closed

-

position of the wvalve body (21),

wherein said duct (35) extends through said lower wall

(24) of the bush (23), said wvalve stem (31) and said

sealing element (29).

2.—- Minilmum pressure valve according to c¢claim 1,
characterised 1n that said duct (35) extends through the
valve body (21).

3.— Minimum pressure valve according to claim 1,

characterised 1n that the c¢ylinder chamber (20) 1n said

cylinder housing (18) shows a reduced diameter (D1l) over a

certain length, near sald closed end, whereas 1t shows a

larger diameter (DZ2) near said open end; 1n that said bush

(23) has a stepped outer surface over 1ts length as a

first Dbush part (23A) has an outer diameter which

corresponds to the reduced diameter (D1) of the cylinder

chamber (20) and a second bush part (23B) has an outer

diameter which corresponds to the larger diameter (DZ) ot

the cylinder chamber (20); and 1n that said first bush

#

part (23A) extends 1n the part of the cylinder chamber
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(20) with the reducea diameter (Dl1), whereas the second

bush part (23B) has been provided 1in the part of the
cylinder chamber (20) with the larger diameter (D2).

4.- Minimum pressure valve according to claim 3,

—

characterised 1n that a wall of the c¢ylinder chamber (20)

between the part with the first diameter (D1) and the part
wlth the second diameter (D2) has a radial collar (25),
and 1n that also a radial collar (26) 1s provided on the

pr—

outer perimeter of the bush (23) between the first and the

second bush part (Z23A, 23B respectively); whereby a space
(27) 1s formed which 1s confined Dby the part of the

cylinder housing (18) having the larger diameter (DZ2) and

the first bush part (23A), as well as the respective

collars (25 and 26) of the bush (23) and the wall of the
cylinder chamber (20), which space (2°7) 1S under

atmospheric pressure.

5.— Minimum pressure valve according to claim 1,

characterised 1n that the 1nlet (14) of the minimum

pressure valve (9) has an area which 1s larger than the

total axially directed surface of the wvalve body (21) on

the side directed towards the end wall (19).

6.—- Minimum pressure valve according to claim 3,
characterised 1n that the 1nlet (14) shows a diameter
which 1s larger than said reduced diameter (D1) of the

cylinder chamber (20).
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pressure valve according to claim 1,

characterised in that said sealing element (29) 1s fixed

to said bush

medlls.

8. — Minimum

(23)

-

py means of

a valve stem (31) and fixing

pressure valve according to claim 1,

characterised 1n that said sealing element (29) can move

1n said bush

(31) to thus

(23)

-

e

Py means O

1ts fixation on a valve stem

function as a non-return valve.

9.- Minimum pressure valve according to c¢laims 7 or B8,

characterised 1in that said fixing means are made 1n the

-

shape of an aerodynamically shaped nut (34).
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